INTRODUCTION
The natural history of diabetic kidney disease (DKD) has traditionally been described as a high level of albuminuria and subsequent kidney dysfunction leading to end-stage renal disease (ESRD) [1] [2] [3] [4] . Thus, therapeutic strategies aimed at reducing albuminuria and subsequently improving renal outcomes have been developed worldwide. These strategies include intensive glycemic control and blood pressure control, particularly using renin-angiotensin system (RAS) inhibitors [5] [6] [7] [8] [9] [10] . As a result of these changes in DKD management during the past two decades, the number of new-onset cases of ESRD as a result of DKD has recently become stable, at least in Japan.
An emerging clinical issue has recently arisen from a large cohort study of the National Health and Nutrition Examination Survey in the USA 11 . This cohort study showed that in patients with DKD from 1988 to 2014, the prevalence of albuminuria declined with improvement in diabetes care, whereas the prevalence of a reduced glomerular filtration rate (GFR) increased 11 . Furthermore, this trend was evident in the non-Hispanic white population, but not in Mexican Americans history of DKD might have changed during the past two decades worldwide with the changes in diabetes care. However, such secular changes might be affected by country-specific factors including race, the etiology of diabetes and diabetes management. Therefore, to further improve renal outcomes in patients with DKD worldwide, we might need to analyze the secular changes in the clinical manifestations of DKD in different countries and identify country-specific factors associated with these changes.
To this end, the present study was designed to analyze secular changes in the clinical manifestations of DKD in adult Japanese patients with type 2 diabetes, and to identify factors associated with these changes using a Japanese serial cross-sectional study carried out at Shiga University of Medical Science, Otsu, Japan, from 1996 through 2014.
METHODS

Ethics Statement
The protocol and informed consent procedure of the Shiga observational study were approved by the ethics committee of Shiga University of Medical Science, Shiga, Japan (approval no. 2, approval date: 1 February 1996).
Participants and Study Design
We used the clinical data obtained during our observational study in Shiga University of Medical Science from 1996 through 2014 12, 13 . This study was launched in 1996 to assess the patient characteristics associated with the development and progression of diabetic complications. This observational study enrolled patients with type 1 or type 2 diabetes who had agreed with the purpose of the study. The exclusion criteria were an age of <20 years, and apparent infectious and malignant diseases. There were no restrictions on upper age limit, sex, medical history or the severity of diabetic complications.
For the present analysis, we used data from four cohorts at different time points of the original study (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) (2013) (2014) : patients with type 2 diabetes in 1996 (n = 555), 2001 (n = 420), 2006 (n = 384) and 2014 (n = 326). The goal was to elucidate the secular changes in the clinical backgrounds and DKD manifestations in patients with type 2 diabetes that have occurred during the past two decades. Thus, the present study was carried out to examine the changes in the clinical backgrounds of individual patients in each cohort; it was not a prospective followup study of specific patients.
Patients with diabetes who agreed to participate in the present study and who provided written informed consent were asked to provide a 24-h urine sample. In addition, blood samples were obtained after an overnight fast and placed in tubes containing ethylenediaminetetraacetic acid, with plasma prepared by centrifuging the blood samples at 1,500 g at 4°C for 15 min. The serum and urine samples were immediately used to measure all laboratory variables at the Shiga University of Medical Science Hospital.
Based on the urinary albumin-to-creatinine ratio (UACR) at baseline, the patients were classified as having normoalbuminuria (A1 stage; UACR of <30 mg/gCr), microalbuminuria (A2 stage; UACR of 30 to <300 mg/gCr) or macroalbuminuria (A3 stage; UACR of ≥300 mg/gCr). The serum creatinine level was measured by an enzymatic method. The estimated GFR (eGFR) was calculated using the simplified equation proposed by the Japanese Society of Nephrology: eGFR (mL/min/1.73 m 2 ) = 194 9 [age (years)]-0.287 9 [serum creatinine (mg/dL)]-1.094 9 0.739 (for female patients) 14 . The hemoglobin A1c (HbA1c) level was evaluated in accordance with the National Glycohemoglobin Standardization Program, based on the recommendations of the Japanese Diabetes Society
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. The brachialankle pulse wave velocity (baPWV) was measured with an automatic device (BP-203RPE; Colin, Komaki, Japan). Data regarding the baPWV in the 1996 cohort were not collected and were thus unavailable. The body mass index (BMI) was calculated as weight in kilograms divided by the square of height in meters (kg/m However, the compatibility of the results before and after these machine changes was guaranteed.
Statistical Analysis
Clinical data are expressed as the mean -standard deviation. Differences between two groups and among multiple datasets were analyzed by analysis of variance, followed by Student's ttest and Tukey's test, respectively. Trend analysis in Table 1 and Figure 5e was carried out with the Jonckheere-Terpstra trend test. All analyses were carried out using the SPSS software package (version 22; SPSS Inc., Chicago, IL, USA), with a twosided P-value of <0.05 considered statistically significant.
RESULTS
Secular Changes in Clinical Characteristics
Although the sex ratio and the average duration of diabetes were not different among the four cohorts, the mean age and the average BMI of the patients with type 2 diabetes in our cohorts significantly increased over time (Table 1 ). More than 80% and 35% of the patients underwent treatment with any antidiabetic agents and insulin, respectively, regardless of year ( Table 1) . The mean HbA1c level was >7.5% until 2006, but it significantly decreased to 7.13% -1.0% in the 2014 cohort. The rate of use of antihypertensive agents, including RAS inhibitors, increased over time, but the mean systolic blood pressure was not different among all cohorts (Figure 1b) (Table 1) .
Changes in the Prevalence of Albuminuria and Reduced eGFR in Patients with DKD
In the 1996 cohort, the prevalence of albuminuria (albuminuria stage A2 plus A3) was 42.0% ( Figure 1a ). In accordance with changes in DKD management aimed at reducing albuminuria, the prevalence of albuminuria decreased to 21.1% in the 2014 cohort ( Figure 1a ). In contrast, the prevalence of both severe renal dysfunction (eGFR of <30 mL/min/1.73 m 2 ) and mild renal dysfunction (eGFR of 30-60 mL/min/1.73 m 2 ) increased over time ( Figure 1b) . As a result, the total number of patients with DKD defined by the appearance of albuminuria and/or a reduced eGFR gradually increased (Figure 1c ), despite the fact that the prevalence of albuminuria decreased during this time.
Next, the prevalence of a reduced eGFR in different stages of albuminuria was analyzed. The prevalence of severe renal dysfunction (eGFR of <30 mL/min/1.73 m 2 ) was observed mainly in the A3 stage; dysfunction was not evident in either the A1 or A2 stage (Figure 1d-f ). Interestingly, a secular increase in the prevalence of a reduced eGFR (<60 mL/min/1.73 m 2 ) was observed in diabetes patients with the A1 and A2 stage (Figure 1d ,e). Thus, our serial cohort study showed that the current A3 stage of albuminuria and the time-dependent increase in the prevalence of a reduced eGFR without the A3 stage of albuminuria in patients with diabetes are possible emerging clinical issues to be resolved in future.
Changes in Clinical Characteristics of Patients with Type 2 diabetes with Different Stages of Albuminuria
In our cohorts, the rate of use of diabetic agents was not different among the three categories of albuminuria in all cohorts, and the rate of use of insulin analogs decreased in the A3 stage, possibly with improvements in the oral antidiabetic agents used for patients with renal dysfunction (Figure 2a ). The rate of use of an antihypertensive agent and a RAS inhibitor was higher in the A3 stage in the 1996 and 2001 cohorts. Additionally, the rate of use increased over time in patients in the A1 and A2 stage, and a RAS inhibitor was finally used in approximately half of patients in 2014 regardless of the albuminuria stage ( Figure 2b ). Statin use increased in all albuminuria stages over time ( Figure 2c ).
Higher levels of HbA1c, systolic blood pressure and LDL-C, which are established risk factors for albuminuria development, were actually associated with a higher prevalence of the A3 stage of albuminuria in the 1996 and 2001 cohorts (Figure 2a c). However, in accordance with the improvements in diabetes care, the levels of HbA1c, systolic blood pressure, and LDL-C in (Figure 2a-c) . Thus, the current A3 stage of albuminuria seems to be resistant to the established intensive treatment.
Changes in Clinical Characteristics in Patients with Type 2 diabetes with Different Categories of eGFR Decline in the A1 and A2 Stages of Albuminuria
In all cohorts, the rate of use of antidiabetic agents, insulin analogs, antihypertensive agents, RAS inhibitors, and statins did not differ between patients with a preserved eGFR and those with a reduced eGFR in the A1 and A2 stages (Figure 3a-c) . Furthermore, the levels of HbA1c, systolic blood pressure and LDL-C were also not different between the two categories of eGFR in each year's cohort (Figure 3a-c) . Thus, a reduced eGFR without the A3 stage of albuminuria also seems to be refractory to the currently recommended intensive treatment. Similar to the result of systolic blood pressure (Figure 2b ), higher diastolic blood pressure was associated with the A3 stage of albuminuria in the previous cohorts, but not in the recent cohorts (Figure 4a ). In contrast, we found that the prevalence of the A3 stage of albuminuria was associated with a high BMI and high baPWV in the recent cohorts (Figure 4b,c) . Age was not associated with albuminuria stage progression regardless of cohort (Figure 4d ).
Identification of Clinical Characteristics
In the analysis of a reduced eGFR without the A3 stage of albuminuria, BMI was not associated with a reduced eGFR, but high age was associated with reduced eGFR in the 2006 and 2014 cohorts (Figure 5a,b) . This age-dependent change was accompanied by lower diastolic blood pressure and high baPWV (Figure 5c,d) . Finally, we analyzed the association between age and use of RAS inhibitors in the analysis of a reduced eGFR without the A3 stage of albuminuria. RAS inhibitor use tended to decrease eGFR in both the younger and older adult cohorts (Figure 5e ). Furthermore, a trend analysis showed a time-dependent decrease in eGFR in the patients with a reduced eGFR without the A3 stage of albuminuria in the cohort of higher age (>65 years) regardless of RAS inhibitor use (Figure 5e ). increased prevalence of a reduced eGFR are being recognized as characteristics of the current trend in DKD manifestations 11 . However, these changes might be affected by country-specific factors, and the trend in Japan has not been fully elucidated. In the present analysis, we showed that this trend is also present in Japanese patients with type 2 diabetes.
DISCUSSION
In our cohort, severe renal dysfunction was observed mainly in patients with the A3 stage of albuminuria, and less frequently in those with the A1 and A2 stages, suggesting that the A3 stage of albuminuria might be more closely associated with future development of ESRD than other stages of albuminuria. In our 1996 cohort, poor control of HbA1c, systolic blood pressure and LDL-C were associated with a higher prevalence of albuminuria. However, throughout the development of DKD care during the past two decades, no significant differences have occurred in these clinical parameters regardless of albuminuria stage. Thus, the current A3 stage of albuminuria may be refractory to the currently established intensive therapy.
The reasons for the current A3 stage of albuminuria should be discussed. One possibility is that the intensive therapy in the patients with type 2 diabetes in the present cohort was still insufficient. The Japan Diabetes Optimal Integrated Treatment study for three major risk factors of cardiovascular diseases showed that more intensified diabetic therapy further improved renal outcomes in Japanese patients with diabetes in whom the HbA1c, systolic blood pressure and LDL-C levels were <7.0%, <130 mmHg and <90 mg/dL, respectively 16 . All of these parameters in our cohort were still higher than those achieved in the intensive group of the Japan Diabetes Optimal Integrated Treatment study for three major risk factors of cardiovascular diseases study. Actually, in our cohorts, obesity along with very high baPWV was associated with the prevalence of the A3 stage of albuminuria regardless of year. Thus, earlier and more intensified therapy, including lifestyle interventions, might be effective even in our cohorts. The next possibility is that this A3 stage of albuminuria is already irreversible or mediated by other etiologies that cannot be cured by the current intensive care. The final possibility is that this A3 stage of albuminuria is due to another type of glomerular disease. We must continue to search for the reason behind this A3 stage of albuminuria in both clinical and basic studies to further improve renal outcomes in patients with type 2 diabetes. A secular increase in the prevalence of a reduced eGFR without the A3 stage of albuminuria was also observed from 1996 through 2014 in Japan. In Figure 5e , the use of RAS inhibitors actually decreased eGFR in any cohorts, suggesting that the introduction of a RAS inhibitor might be involved in the cause behind a reduced eGFR without the A3 stage of albuminuria. Furthermore, we identified high age, lower diastolic blood pressure and high baPWV in the 2014 cohort as factors associated with a reduced eGFR without the A3 stage of albuminuria, which was not observed in the 1996 and 2001 cohorts. Additionally, a secular decrease in eGFR in the elderly population, but not in the young population, was observed regardless of RAS inhibitor use. Thus, the background of patients with a reduced eGFR without the A3 stage of albuminuria seems to have been modified by the development of DKD care including RAS inhibitors and increased age over time, and is totally different from that of patients with albuminuria development. This might mean the therapeutic approach should be different between them.
Although we observed the secular change in DKD manifestations during the past two decades, in a large Japanese cohort of the JDDM study, there was no significant increase in the prevalence of a reduced eGFR between the 2004 and 2014 cohorts 17 . This suggests that the changes in DKD manifestations can be observed only when comparing the cohorts before and after 2000, when multifactorial intensive therapy including the use of RAS inhibitors began to be applied for treatment of classic diabetic nephropathy in the clinical setting. These results suggest that data from a previous cohort (before 2000) are unreasonable to identify the current risk factors associated with each DKD manifestation, because a risk identified using an old cohort should have been modified by the recent changes in diabetes care. In the National Health and Nutrition Examination Survey cohort, the authors reported that earlier onset of obesity in the younger generation and a subsequent longer diabetes duration, but not high age, might be related to the increased prevalence of a reduced eGFR decline without the A3 stage of albuminuria 11 . In the present study, however, high age, lower diastolic blood pressure and higher baPWV, which might be explained by agedependent aortic stiffness, were identified as possible risk factors for DKD manifestation in our 2014 cohort. Thus, the trend in DKD manifestation is almost identical worldwide, but the clinical characteristics behind it are likely to be modified by country-specific factors. Obesity-related insulin resistance and age-dependent decreases in the insulin secretion capacity largely contribute to the increasing numbers of patients with type 2 diabetes in the USA and Japan, respectively. This difference in the etiology of type 2 diabetes might affect the identified factors associated with a reduced eGFR without the A3 stage of albuminuria.
In the present study of Japanese patients with type 2 diabetes, arterial stiffness as measured by the baPWV might have been associated with albuminuria and a low eGFR. This finding is consistent with the results of previously published data showing that a high baPWV was associated with both the development of albuminuria and a decline in the eGFR without albuminuria in Korean patients with type 2 diabetes 18 . However, in this previous study, the baPWV was not identified as an independent risk factor for a decline in the eGFR without albuminuria after adjusting for significant clinical variables, such as BMI, duration of diabetes, systolic BP, pulse pressure, heart rate, smoking, alcohol consumption, HbA1c level, high-density lipoprotein cholesterol level, C-reactive protein level, insulin treatment and RAS inhibitor use. These results might suggest that multifactorial intensive intervention is currently the best treatment available to prevent a decline in the eGFR in patients with diabetes, although whether a causal relationship exists between arterial stiffness and an eGFR decline without albuminuria is still unclear.
The present study had some limitations, including the small sample size, single-center cohort and selection bias for the recruited patients. This study did not uncover the effect of a novel class of antidiabetic agents, such as DPP-4 inhibitors, GLP-1 analogs and SGLT2 inhibitors, on diabetes care and DKD manifestations in our cohorts. Additionally, in the National Health and Nutrition Examination Survey cohort, mortality was high in the diabetes patients with a reduced eGFR without the A3 stage of albuminuria 19 . However, the present study did not reveal the patients' health prognosis, including mortality and the risk for developing ESRD in patients with the current A3 stage of albuminuria or a reduced eGFR without the A3 stage of albuminuria. Therefore, a prospective follow-up study is required to address these factors in Japan.
Increased albuminuria has been recognized as a strong predictive factor associated with future renal dysfunction leading to ESRD in patients with classic diabetic nephropathy 1, 2 . Thus, therapeutic approaches aimed at reducing albuminuria have been rapidly developed mainly during the past two decades [5] [6] [7] [8] [9] [10] 16 . As a result, the prevalence of albuminuria and new-onset ESRD has been decreasing, at least in Japan 5, 12, 16 . Notably, this therapeutic approach is essential and effective. However, given the results of the present study, now might be the time to discuss whether this strategy is actually sufficient to completely combat DKD in future. We must identify a strategy in addition to the current intensive therapy to further improve renal outcomes in patients with DKD based on the current situation of DKD manifestation.
